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Abstract 
Intelligent Tutoring Systems could be used to provide differentiated instruction. This 
review examines qualities of Intelligent Tutoring Systems and their impact on student 
achievement. Thirty peer-reviewed research studies published from 1997 to 2019 were 
selected for analysis. This review considers how intelligent tutoring systems compare 
with other methods of instruction, and how an intelligent tutoring system’s on-screen 
tutor impacts student achievement. Finally, this review considers methods of ITS 
personalization and how those methods impact student achievement. The reviewed 
research studies indicated that ITS was more effective than all forms of instruction except 
small group and individualized instruction. Additionally, on-screen agents in and 
personalization of Intelligent Tutoring Systems often have a positive impact on student 
learning. Recommendations for classroom implementation of intelligent tutoring systems 
and suggestions for future research are discussed.  
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The Effectiveness of Intelligent Tutoring Systems to Differentiate Instruction 
Introduction 
Twenty-seven students. One English Language Learner. Four students who 
perform significantly below grade level, at the 4th percentile or below. Three students 
who perform significantly above grade level, at the 88th percentile or above. One student 
who performs at the 97th percentile. The remaining eighteen students hover in varying 
degrees of closeness to proficiency. This is a snapshot of a typical public school 
classroom (Rock, Gregg, Ellis, & Gable, 2008).  
Differentiation, as defined by Merriam-Webster dictionary (2019), is the process 
of developing distinguishing characteristics. In this case, it is the process of developing 
distinguishing forms of classroom instruction to better match learning to the zone of 
proximal development (ZPD) of any given student. It is nearly impossible for a single 
teacher to meet the needs of wildly varied groups of students, such as the one described 
above, and yet such differentiation is essential for quality education. The use of effective 
Intelligent Tutoring Systems could bridge this gap.  
An Intelligent Tutoring System (ITS) is a computer tutoring system that utilizes 
artificial intelligence and cognitive theory to guide learners through problems and 
solutions “by creating hints and feedback as needed from expert-knowledge databases” 
(Kulik & Fletcher, 2015, p. 43). The purpose of this literature review is to analyze the 
research available on Intelligent Tutoring Systems and their effectiveness within 
classrooms serving elementary to graduate-level students. To be deemed effective, the 
use of the ITS needs to result in significant gains in student achievement. 
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Themes that emerged while reviewing the literature were: 
1. The effectiveness of Intelligent Tutoring Systems in comparison with 
other methods of instruction. 
2. The impact of the ITS on-screen tutor (animated pedagogical agent) on 
student achievement. 
3. Effect of various methods of ITS personalization on student achievement. 
This review will analyze intelligent tutoring systems in secondary education 
classrooms. In order to use Intelligent Tutoring Systems in the classroom as a method of 
differentiation, it is essential to identify when and how they are the most effective.  
The results of this review are a starting point for identifying the qualities and 
applications of Intelligent Tutoring Systems that have the most impact on student 
learning. The assessment could provide context for educators searching for ways to 
bolster the differentiation in their classrooms and will suggest methods for application 
and implementation of Intelligent Tutoring Systems that will provide the most 
meaningful experience for students and will have an impact on student achievement. 
Methodology 
 Locating valid and reliable sources on the topic of Intelligent Tutoring Systems 
was a challenge. I believe this is because the field of Intelligent Tutoring Systems is still 
in its early stages. Intelligent Tutoring Systems are still in the process of becoming 
widespread and common practice. To locate the available sources, I began by using the 
term Intelligent Tutoring System in OneSearch, Ebsco ERIC, and Google Scholar. These 
databases were all accessed through the University of Northern Iowa library which 
provided the ability to filter articles based on criteria for reliability and validity. The first 
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literature review I found that was relevant to the topic was entitled “Effectiveness of 
Intelligent Tutoring Systems” so I added effective to the search terms. Upon further 
consideration, both differentiation and achievement were also added. After finding 
several articles, I then identified the source of those articles. I reviewed journals such as 
Computers & Education and the International Journal of Human-Computer Studies for 
articles relevant to my topic. I did this by looking at the table of contents and also by 
searching for “intelligent tutoring system” in the journal’s database. Once I located 
relevant articles, I typed the titles of those articles into OneSearch in order to locate full 
text of them. I also used sources referenced in the articles I found relevant to my research 
as additional sources. 
 Upon receiving results from these searches, the articles I chose to analyze 
evaluated or performed research on an aspect (i.e. data taken into account when 
formulating the ITS’ feedback) of an intelligent tutoring system, discussed how that 
aspect of the ITS impacted student achievement, and was from a peer-reviewed source. 
My analysis of these articles involved identifying the author and the authors’ affiliations, 
and ensuring the article included quantitative data about the effectiveness of the ITS on 
student achievement. Learner age level was not a restriction that I took into account as 
research at all educational levels was beneficial to understanding the effectiveness of ITS. 
Articles I ultimately chose to include in this review provided significant findings 
about aspects of Intelligent Tutoring Systems and their level of impact on student 
achievement. The articles were all published within the last seven years, aside from one 
article that provided foundational information about the origins of Intelligent Tutoring 
Systems. The primary goal of this review was to explore the effects of Intelligent 
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Tutoring Systems and the teaching strategies that they use on student achievement. All 
articles included in this review were selected to provide a richer understanding of those 
qualities that had the biggest impact on student achievement. 
Analysis and Discussion 
Intelligent Tutoring Systems (ITS) are known for providing individualized and 
differentiated instruction based on student need (Ma, Adesope, Nesbit, & Liu, 2014). 
These programs are responsive to student input and provide immediate feedback to 
students to further deepen their understanding and improve their learning. Programs like 
IXL (IXL Learning, 2019) and Prodigy (SMARTeacher INC., 2011) first require students 
to complete a diagnostic test to identify students’ ability levels and learning gaps, and 
then provide instruction to students based on the results of those diagnostics. With an 
ever-growing need for differentiation in the classroom, these programs are able to adapt 
instruction to students in a way that an individual classroom teacher cannot. How 
effective are these ITS programs in increasing student performances? Do certain qualities 
of an ITS make it more or less effective in increasing student achievement?  
This review will consider how ITS compares with other methods of instruction in 
terms of resulting student performance; the impact of the ITS on-screen tutor (animated 
pedagogical agents) on student achievement; and the effects of various methods of ITS 
personalization on student achievement.  
ITS in comparison with other methods of instruction.  
When considering the implementation of Intelligent Tutoring Systems in 
classrooms, the first question that demands to be asked is how Intelligent Tutoring 
Systems compare to other methods of instruction. Can a computer provide better 
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instruction than a human being? Can a computer truly have a positive impact on student 
achievement? Kulik and Fletcher (2016),  and Steenbergen-Hu and Cooper (2014) found 
that intelligent tutoring systems had a more positive impact on student learning than 
conventional classes. Ma, et al. (2014) similarly found that ITS had a more positive 
impact on student achievement than other methods of instruction, except for small group 
instruction and one-on-one human tutoring. Holdich and Chung (2003), Mostow, Nelson-
Taylor, and Beck (2013), Xin, Tzur, Hord, Liu, Park, and Si (2017) conducted students 
analyzing the use of ITS instruction in writing, reading, and mathematics respectively in 
comparison with traditional classroom instruction and found ITS instruction to have 
positive effects on student achievement in these specific situations. Martin, Klein, and 
Sullivan (2006) and Sosa, Berger, Saw, and Mary (2011) posited that ITS made a 
significant impact on student learning because it provided more opportunities for practice 
and feedback, while Martin et al. posited that ITS made a significant impact on student 
learning because it provided more opportunities for practice and feedback. Sosa et al., 
additionally found that prior knowledge has some impact on student achievement as a 
result of ITS instruction. Ultimately, findings show that while individualized tutoring is 
the ideal form of instruction, Intelligent Tutoring Systems provide instruction that has a 
significant impact on student learning over traditional classroom instruction.  
Significance of ITS instruction on student performance. In a meta-analysis, 
Kulik and Fletcher (2016) compiled 50 studies on ITS with the stipulation that all studies 
they analyzed involved a control group that received ITS instruction. They distinguished 
ITS instruction from other computer-based instruction by requiring that the ITS operated 
from a knowledge database and that they used a computational and dialogue-generating 
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tool that extracted relevant information from said knowledge database. The final 
collection of studies used for analysis covered instruction in elementary schools, high 
schools, colleges, and military training institutions. The ITS instruction provided in these 
studies ranged from one hour to 48 weeks of instruction. After analyzing these 50 studies, 
Kulik and Fletcher  (2016) discovered that in 46 of the 50 studies, students who received 
ITS instruction outperformed students in traditional classrooms. The median student 
achievement growth in the 50 students was equivalent to a test performance growth from 
the 50th to 75th percentile. Kulik and Fletcher also reported that increased student 
achievement was more significant on local tests than on standardized tests, although test 
growth was still evident on standardized tests. 
Steenbergen-Hu and Cooper (2014) conducted a meta-analysis of ITS impact on 
college students’ achievement. For the purpose of the analysis, they defined an ITS as 
“highly adaptive, interactive, and learner-paced learning environments operated through 
computers” (p. 331) They also required that a program be a domain-related stand-alone 
computer tutorial in order for the study to be included in the meta-analysis. The 26 
studies used in the analysis compared ITS instruction with conventional instruction, 
computerized instruction that was not deemed an ITS, and self-reliant learning, such as 
homework. Steenbergen-Hu and Cooper found that ITS instruction had a more significant 
impact on student achievement in comparison with all other instruction except human 
tutoring, with an average effect size of .32.  Steenbergen-Hu and Cooper’s analysis 
further confirms that ITS instruction can have  a positive impact on student achievement 
in relation to other methods of instruction. 
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Ma et al., (2014) conducted a similar meta-analysis in which they defined an ITS 
as a system that performs tutoring functions and draws conclusions from student 
responses in order to track student understanding. Ma et al. found that most studies 
compared the use of ITS with large-group human instruction, individual computer-based 
instruction that differed from ITS based on the definition, and the individual use of 
textbooks or workbooks. The meta-analysis showed that ITS produced moderate effect 
sizes in comparison with these methods of instruction, ranging from .36 to .57. 
Additionally, they found that small group instruction of 8 students or fewer and 
individual human instruction provided a small non-statistically significant advantage over 
ITS instruction (p< .001).  
Holdich and Chung (2003) conducted a study using an ITS tutor that provided 
narrative writing instruction to students. Understanding that providing feedback and 
guidance for student writing can be difficult for teachers due to time limitations and large 
class sizes, this ITS, named HARRY, was developed to help meet the writing needs of 
students. Within a class of third graders, a control group that did not receive instruction 
from HARRY was compared with a group of students who wrote one story without the 
assistance of HARRY and one within the ITS assistance. HARRY provided guidance for 
students throughout the composition process by reminding them of the qualities of good 
writing and what kind of details or information they should include. HARRY also 
provided editing and revision feedback. Students’ writing was then compared based on 
organization and grammar. Findings showed that students who interacted with HARRY 
and implemented feedback from the system improved on their second story, while 
students who did not use HARRY did not improve. However, Holdich and Chung 
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acknowledge that this improvement requires students to fully interact with the feedback 
as they are using the ITS system, and that the HARRY system provides heavy scaffolding 
for students with the goal that said scaffolding would be reduced over time and 
eventually removed.  
Similarly, the ability of a teacher to conduct guided reading with individual 
students in a standard classroom becomes difficult with large class sizes. Mostow et al. 
(2013) conducted a study that compared ITS-based guided oral reading against  sustained 
silent reading (SSR) in grades 1-4. One hundred and seventy eight students participated 
in the study. Using a reading assessment, students were put in pairs based on reading 
ability level. Then one student within a pair was randomly assigned to use the ITS, while 
the other student was assigned to the SSR group. The ITS for guided oral reading used 
speech detection to provide prompting to students and identify mispronounced words, 
although Mostow et al. identify that the tutor was insufficient at identifying miscues or 
situations when students would say a correct word but the word was not present in the 
reading passage. Students were then given a post test on reading ability. Students in the 
SSR group never outperformed students in the ITS group. Students in the ITS group 
showed significant gains in the area of word identification in comparison to students in 
the SSR group. Additionally, the ITS group showed gains in word blending, and spelling. 
Although the use of the ITS did not cause widespread gains in student achievement, the 
areas the tutor could effectively target (e.g., word identification skills, such as phonemic 
awareness and word blending) resulted in significant gains in student achievement.  
Xin, Tzur, Hord, Liu, Park, and Si (2017) analyzed the use of a mathematics ITS 
with students with learning difficulties. The study was conducted with 17 elementary 
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students who were randomly assigned to either a teacher-led group, or a group that used 
the ITS. Results were determined using a pre and post test. The results found that 
although both the teacher-led instruction and ITS instruction resulted in improved student 
achievement, the students using the ITS saw increased student achievement more quickly 
than those students receiving the teacher-led instruction. 
Ultimately, these meta-analyses and studies have confirmed that small group and 
individual instruction continue to outperform ITS.  In comparison with most other forms 
of instruction, however, ITS had a statistically significant positive impact on student 
achievement. This was especially true in areas of instruction, such as reading and writing, 
that are increasingly difficult for teachers to address effectively as class sizes increase. 
Additionally findings from the study conducted by Xin, et al. show that when in direct 
comparison, ITS based instruction could result in increased student achievement at a 
quicker rate than whole class teacher-led instruction. 
ITS instructional elements having a significant impact. Sosa et al. (2011) 
performed an analysis of 45 studies that reported “empirical outcome evaluation of 
computer-assisted instruction in statistics in comparison to a control condition.” (p. 101) 
The studies analyzed the use of ITS in statistics instruction. The results from the meta-
analysis showed that in comparison with lecture-only instruction, ITS had a significant 
impact on student achievement. With an effect size of 0.33, 63% of students receiving 
ITS instruction outperformed the control group who did not receive ITS instruction. They 
found that this was especially true when the group receiving ITS instruction received 
more overall instruction than the control group receiving lecture-only instruction. 
Although this seems like an obvious conclusion, the results capitalize on the idea that ITS 
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instruction allows for more practice with material and therefore higher student 
achievement than lecture-only instruction. Sosa et al., also found that the computer-
assisted instruction had a bigger impact on graduate students than on undergraduate 
students, indicating that prior-knowledge about the content being presented had an impact 
on how effective the computer based-instruction was in improving student achievement.  
Martin et al. (2006) conducted a study with 256 undergraduate students in a 
computer literacy course. They were given six-different versions of a lesson that included 
various combinations of instructional elements: information, objectives, practice with 
feedback, examples, and review. The variations ranged from a program with information 
only to a full program with all five instructional elements. Results from the study were 
measured - using a pre and post test and an attitudinal survey. The mean scores from the 
pre to post test indicated that practice had the most significant impact on student 
achievement. Students receiving the full program achieved a mean score of 17.61 out of 
20 while students whose program did not have practice received a mean score of 14.98 
out of 20. All other programs with elements removed impacted the mean score by less 
than one point, with the removal of examples having the second-biggest impact on 
student achievement and lowering the median score by .45. Martin et al. concluded, 
similarly to Sosa et al. (2011), that the additional practice afforded in an ITS has the 
biggest impact on student achievement. 
Impact of the On-Screen Tutor  
One aspect of Intelligent Tutoring Systems that has been examined is the role that 
the on-screen tutor, or animated pedagogical agent, plays in improving student 
achievement. Mayer, Johnson, Shaw, and Shandu (2006) indicated that these agents 
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could be significant in providing feedback to the learner through suggestions for next 
steps, corrections, and explanations. Moreno and Flowerday (2006) discovered that when 
given a choice, learners preferred to work with on-screen agents. Across all research, it 
was widely hypothesized that the on-screen agent would have some positive impact on 
learner achievement. Frechette and Moreno (2010) and Cook, Friedman, Duggan, Cui, 
and Popescu (2016) analyzed the agent’s use of hand gestures and facial expressions and 
the resulting student achievement. Moreno and Flowerday (2006) and Kim (2016) 
considered the effect that the physical appearance of the agent had on student learning 
experiences. Finally, Mayer, et al. (2005) and McLaren, DeLeeuw, and Mayer (2010) 
examined how agent politeness impacted student achievement. Synthesizing the findings 
of these researchers provides a rich understanding of the impact of animated pedagogical 
agents on student achievement. 
Agent hand gestures and facial expressions. Frechette and Moreno (2010) 
conducted research to study the impact of facial expressions and gestures of an on-screen 
agent. The study was conducted with 93 college students. Students were randomly 
assigned to a control group which included no agent, a static group with a non-animated 
agent, a deictic group that included a tutor with hand-and-arm gestures, or a fully-
animated group wherein the agent had lip-synching, full facial expressions and hand and 
arm gestures. The deictic group received this nomenclature as a means of signifying that 
the hand and arm gestures “reference, reflect, or reinforce the verbal information” (p. 62).   
The program given to students was a linear multimedia presentation and was 
followed up with comprehension tests, as well as attitudinal surveys. Results from this 
study showed that there were no statistically significant differences in comprehension 
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tests between the various groups, indicating that the agent did not have a significant 
impact on student learning. Results also indicated that the agent with full facial 
expressions actually lowered student comprehension. Frechette and Moreno (2010), 
however, did identify a limitation of their study: the agent was nonessential to the 
learning and did not engage with the learner due to the linear nature of the presentation. 
They concluded that in similarly linear learning environments, an agent is not beneficial, 
but the agent may be beneficial in a more interactive and responsive learning 
environment. 
In contrast, Cook, et al. (2016) found hand gestures to be essential in linear 
lessons on mathematics. Sixty-five children with a median age of nine years old 
participated in the study. The study used a computer-generated animated avatar standing 
in front of a virtual whiteboard and explaining a mathematical concept. Pairs of videos 
were established wherein one avatar in the pair did not use hand gestures, while the other 
avatar in the pair used hand gestures both to reinforce content and to increase the 
charisma and appeal of the avatar. The study found that students who received the lesson 
from the avatar with hand gestures not only learned more from the lessons than those 
with the gesture-less avatar, but also children who received the instruction from the 
avatar with gestures were better able to transfer their learning to problems on the posttest 
than children who learned from the gesture-less avatar.  
Agent physical appearance. Moreno and Flowerday (2006) and Kim (2016) 
considered the physical appearance of the agent. Moreno and Flowerday’s study included 
80 undergraduate participants. The study involved a choice group that was able to select a 
pedagogical agent and a non-choice group that was assigned a pedagogical agent. The 
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study hypothesized that learners would both choose more often and learn more from 
pedagogical agents that were perceived as representing them. The results of the study 
indicated that the choice of a same-gender or same-ethnicity agent had no significant 
impact on student learning. Although the impact was not statistically significant, two 
results were of note: students of color were more likely to choose an agent that 
represented them; Additionally, students who chose to learn from a different-ethnicity 
agent outperformed those who chose an agent of the same ethnicity. They also 
outperformed students who were assigned a different-ethnicity agent. The researchers 
believe these findings show both support for the benefit of student choice and support for 
learner distraction as the students who chose same-ethnicity agents may have been 
focusing more on whether the agent represented them than on the materials being 
presented.  
 Kim’s (2016) study had similar results. The study was focused specifically on 
whether agent representation could encourage female learners in a mathematics course 
both academically and emotionally. The study included 67 female students in a ninth-
grade introductory algebra course. Learners were randomly assigned to one of four 
pedagogical agents: female peer, male peer, female teacher or male teacher. Learners 
were given a questionnaire about their perception of the agent, pre and post 
questionnaires to determine their attitudes toward mathematics, and pre and post tests 
over the mathematical concepts covered by the tutor. The results of the study showed that 
both ethnic-minority girls and Caucasian girls felt more positively about peer-aged agents 
regardless of gender. For ethnic-minority girls, they viewed the male peer agent more 
positively than the female peer agent. The researchers believe this difference may be due 
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to the female peer creating a feeling of competitiveness in the learners. Additionally, 
while both groups felt more positively about the peer agent, Caucasian girls learned more 
from the teacher agent and ethnic-minority girls learned more from the peer agent. The 
researcher concluded that the agent had a distinct social role in both the girls’ attitude 
toward learning and the learning outcomes themselves. 
Agent politeness.  Mayer, et al. (2005) conducted a study to determine whether 
learners were sensitive to the politeness of feedback given from an on-screen agent. The 
study examined five politeness strategies and how these strategies impacted student 
achievement. The participants in the study were 47 college students. The students were 
given two politeness rating documents and instructed to pretend that the examples they 
were given were taking place in a computer simulation game. The findings showed that 
learners were  sensitive to differences in politeness. The findings also showed that 
students who used computers less frequently were more sensitive to the politeness of the 
tutor’s statements than those who used computers more often. The researchers believe the 
results support the importance of developing socially sensitive agents. 
Similarly, McLaren et al. (2010) conducted a study to examine when agent 
politeness was most essential to learners. There were 132 high school participants in the 
study that were randomly assigned to the type of feedback they received, either polite 
feedback or direct feedback. Before the study, students were given an assessment to 
determine their level of prior knowledge. Students then participated in a Stoichiometry 
lesson through a web-based program that provided them with both polite and direct 
feedback. This study did not result in any significant findings in favor of either the polite 
or direct tutor. There was, however, some weak evidence that students with lower prior 
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knowledge benefitted from the polite tutor and that students put more effort into 
understanding the feedback from the polite tutor. The researchers believe their results 
may indicate that as students are processing new learning, a polite tutor may be 
beneficial, but as the learner becomes more advanced, direct feedback is the most 
efficient and effective. 
From these various studies, it is clear that pedagogical agents are not beneficial in 
linear learning environments, and that in these linear learning environments, fully-
animated pedagogical agents can be distracting (Frechette & Moreno, 2010). However, 
hand and arm gestures do have an impact on student learning when used to complement 
the material being presented (Cook et al., 2016). In non-linear learning environments, the 
gender, age, and ethnicity of the pedagogical agent has no significant impact on the 
learning of Caucasian students but may have a more significant impact on the learning of 
minority students (Kim, 2016; Moreno & Flowerday, 2006. Additionally, learners are 
sensitive to the politeness of agent feedback (Mayer et al., 2005). Polite tutor feedback is 
viewed more favorably, but is most beneficial to those receiving new learning from the 
program. For learners that are more advanced in their learning, direct feedback becomes 
more effective (McLaren et al., 2010). The on-screen agent should be adapted to both the 
learner’s needs and the learning environment in order to have a positive impact on 
student achievement.  
Methods of ITS personalization 
One of the defining features of ITS in comparison with computer-based 
instruction is that it is responsive to the learner and provides adequate feedback and 
scaffolded instruction based on student understanding. What makes this personalization 
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and responsiveness more or less effective in impacting student achievement? Icoz, 
Ozdemir, Sanalan, Kaya, and Cakar (2015) examined the use of ontologies to build an 
ITS and discovered that while effective, the difference between expert and student 
concept mapping may impact the effectiveness of this method on student achievement. 
Baker, Corbettt, Koedinger, and Wagner (2004) discovered that without certain system 
personalizations taken into account with ITS adapting to student performance, students 
would use the system against itself in order to find the correct answers by guessing until 
the answer was revealed. Walkington and Bernacki (2019) and Fanscali and Ritter (2014) 
discovered that personalizing practice within an ITS to student interests increases student 
engagement but does not always increase student achievement as student engagement 
with their interests varies and therefore the level of personalization that should be used 
within the ITS is not universal. Jackson and McNamara (2013) discovered that adapting 
an ITS into a game-based system similarly peaked student interest and engagement, but 
did not have a significant impact on student achievement. Finally, Crossley, Allen, Snow, 
and McNamara (2016) found that combining traditional methods of providing student 
feedback, such as the use of text feature analysis in automated essay scoring, with 
individual student information allows for better prediction of student success as well as 
more effective feedback. The personalization of an ITS allows it to be more effective in 
positively impacting student achievement. 
Personalization of ITS based on student understanding. Kim and Moon (2013) 
identified the fact that social media tools are impacting the way that students learn and 
process information, in that students are consuming, producing, and sharing information 
in networks rather than in the linear format traditionally found in e-learning. Kazi, 
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Haddawy, and Suebnukarn (2010) identified the need for reorganization of ITS to better 
personalize the ITS feedback to student learning. They identified that traditional ITS are 
built with a selection of correct answers and if students answers are partially correct do 
not receive acknowledgement from traditionally organized systems. Kazi et al. 
recommended the organization of ITS based on ontology in order to counteract this 
problem. To further these ideas, Icoz et al. (2015) examined the use of ontologies to 
respond to student understanding within an ITS. An ontology is a way of organizing 
information about a subject and representing the concepts within that subject and the 
connections between them. For all intents and purposes, ontologies are commonly known 
as concept maps. Icoz et al., conducted a study on the use of ontologies to make 
instructional decisions “based on semantically connected pathways very similar to 
learner’s cognitive structure” (p. 1040). To conduct the study, Icoz et al. had experts 
compose ontology for a unit on “Our Body and Systems” for a seventh grade science 
course. They used this ontology to build instruction within an ITS that would respond to 
student understanding as they progressed through the ITS. The study was conducted with 
127 students in five seventh grade science sections. The students were given a paper-
based pre and post test. Based on their answers to the first test, students were 
recommended areas to review and study again before taking the post test. Whether the 
students completed the recommended studying was not tracked, but answers on the post 
test increased anywhere from 60 to 100% in the recommended areas. Findings from this 
study suggest that personalizing learning based on ontology has a positive impact on 
student achievement, as there were significant gains on the post test when students were 
given individualized recommendations for learning reinforcement. However, Icoz et al. 
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also took time to compare students’ concept maps based on pre-test results with the 
ontology crafted by experts and discovered that students’ concepts maps differ from that 
of experts and could result in some gaps in understanding as a result.  
Baker et al. (2004) identified necessary ITS personalization in order to ensure that 
students were using the ITS in way that could impact their achievement. They conducted 
a study with five middle school classrooms containing seventy students total. Students 
were given a pre and post test to assess the impact of the ITS on student learning. During 
the student, Baker et al. analyzed student on and off task behavior. They discovered that 
one form of off task behavior, referred to as “gaming the system” had a negative impact 
on student achievement. “Gaming the system” refers to student behaviors in which they 
randomly select or input answers until the system deems their answer correct without 
taking into consideration any of the ITS feedback. This behavior results in a -0.34 
correlation to the pretest score. As a result, Baker et al., determine it necessary for the 
design of ITS to be responsive to student understanding in that the design is able to 
counteract students gaming in the system through methods like mastery learning and 
eliminating tools which give answers directly to students.  
Personalization of ITS based on student interests. Several studies, including 
Renninger and Su (2012) and Renninger and Hidi (2016) indicate that leveraging student 
interest has a positive impact on student achievement. Ku and Sullivan (2000) identified a 
correlation between lower-ability students and increased student achievement when given 
personalized mathematics problems. Walkington and Bernacki (2019) took 
personalization to another level in terms of an algebra ITS. They wanted to examine the 
effect of personalizing story problems to high school student interests and how that 
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impacted student engagement and performance, as students tend to lose interest in 
subjects like mathematics in adolescence but have high-engagement in out-of-school 
interests. To conduct this study, they used an ITS with 106 high school students. Students 
were randomly assigned to a control group, which provided students with standard story 
problems, a surface personalization group which simply swapped out words in the story 
problem to match student interests, such as substituting “you are an inspector for a chain 
of GameStop stores” for “you are a lightbulb inspector” (p. 68). for a student that was 
interested in video games, or a deep personalization group which completely changed the 
story problems to match the way that numbers would be naturally used based on the 
students interest. Walkington and Bernacki identified that one issue arose with randomly 
assigning students to groups which is that some students have surface-level interest in a 
topic and were assigned to the deep personalization group, which may have had an 
adverse effect on the results as these students did not have the background knowledge 
required to fully comprehend the problem. Ultimately, Walkington and Bernacki found 
that personalized questions did not cause students to significantly outperform students 
with standard story problems, but they did result in higher student engagement, as 
evidenced by a 0.86 increase in correct questions per minute. Overall, there was no 
difference between students with deep personalization and students with surface 
personalization, however when looking specifically at students who engage with their 
interests, deep personalization outperformed surface personalization by 16.5%. 
Additionally, of the students who have low engagement with their interests,  those that 
received surface personalization outperformed deep personalization by 16.2%.  
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Similarly, Fanscali and Ritter (2014) examined the impact of personalizing the 
context of questions within a mathematics ITS. They began by having students rate their 
interests based on a five-star scale with five stars indicating the most favorable rating. 
Fanscali and Ritter found that 15.7% of the learners surveyed rated all interests with five 
stars, and that 25.7% of learners surveyed rated all interests the same. They recognized 
that this could indicate several possibilities about the learners and took into account those 
students with “strong” preferences, referring to those students that rate on interest area 
with five stars and at least one interest area with one or no stars. Fanscali and Ritter also 
asked students to provide the name of classmates to be inserted into word problems. They 
found that both students who provided names and students that had a strong preference 
worked through problems more efficiently than students who did not set preferences, or 
did not provide names. They were not significant outcomes showing that either of these 
variables had a significant impact on student achievement. Much like Walkington and 
Bernacki (2019), Fanscali and Ritter found that this personalization aided in student 
engagement but did not greatly impact student achievement during the use of the ITS.  
In a different vein, Jackson and McNamara (2013) compared the use of a standard 
ITS and a game-based ITS and their impact on student achievement. The study 
hypothesized that the game-based system would have a greater positive impact on student 
achievement due to student interest in the format. The student was conducted with 84 
high school students. Student achievement was assessed with a pre and post test, and 
survey questions throughout to assess students attitude about and motivation to use the 
two ITS systems. The study was conducted over eleven sessions. During each session, 
students were randomly assigned to either the game-based system or the standard system. 
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The results indicated, just as the previous studies found (Fanscali & Ritter, 2014; 
Walkington & Bernecki, 2019) that both systems showed equivalent increase in student 
performance, but the game-based system resulted in a more positive student experience.  
Personalization of ITS using student information. Johnson, McCarthy, Kopp, 
Perret, & McNamara (2015) identified one way that ITS could personalize feedback 
based on student information. W-Pal and iStart ITS provide instruction in writing and 
reading respectively. These systems provide adaptive feedback based on student 
performance, but at the time of the report did not provide feedback adaptive to students’ 
developing skills as they use the program. Johnson et al. developed a feature within iStart 
that allowed questions to adapt to student learning by providing more difficult questions 
in response to student success. W-Pal has been adapted to provide instruction based on 
identified weaknesses within a students’ writing. Once a student has made revisions 
based on this targeted area, feedback is adjusted to provide students with a new area of 
focus. Johnson et al. hypothesize that the addition of these elements will lead to greater 
increase in student achievement as a result of the adjustments. 
Crossley et al. (2016) conducted a study analyzing the impact of learner 
characteristics taken into account in automatic essay scoring ITS. The study was done 
using an ITS called The Writing Pal that provides writing feedback to students in the pre-
writing, drafting, and revising. Traditionally, automated essay scoring has been done 
through the use of text features. Crossley et al. examined the use of student information 
such as demographics, standardized test scores, and survey results, in conjunction with 
text feature analysis to predict the quality of a persuasive essay within Writing Pal. The 
study included 86 public high school students, thirty-eight of which identified as English 
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Language Learners. A pretest essay and a posttest essay were used to determine student 
achievement. Students used the Writing Pal tutor during the eight sessions in-between the 
pre and post test essays. Students were randomly assigned to receive feedback based only 
on student information, only on text features, or on a combination of both. Results found 
that the combination of student information and text feature analysis was most effective 
in predicting student success and could result in ITS being able to provide  accurate and 
effective feedback to students. Student information alone was the least effective, as 
writing is most commonly judge based on text features. All three students indicated that 
the more personalized an ITS is able to be, the more effective it becomes in improving 
student achievement.  
Conclusions and Recommendations 
It is an ongoing trend in the world of education to stress the importance of 
individualized learning and student-centered classrooms. While no teacher would negate 
the necessity of meeting the needs and interests of every student in a classroom, the 
ability of one individual to do so is becoming less and less possible as classrooms 
become more diverse and class sizes continue to include twenty students or more. 
Intelligent Tutoring Systems could help solve this problem. Before ITS becomes a 
standard supplement to classroom instruction, it is important to consider how the ITS 
compares with other types of classroom instruction in increasing student achievement, 
whether in terms of the use of an on-screen agent or the way that the ITS provides 
feedback.  
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Conclusions 
ITS in comparison with other methods of instruction. Although the stigma 
associated with artificial intelligence encourages the idea that human-interaction is better 
for learners, all studies cited have shown that ITS has a positive impact on student 
learning. Holdich and Chung (2003), Kulik and Fletcher (2016), Ma, t al.(2014), Mostow 
et al. (2013), and Steenbergen-Hu and Cooper (2014) all found that ITS shows a positive 
increase in student achievement except in the case of small-group instruction or 
individualized human tutoring. Xin, et al. (2017) found that small-group instruction and 
ITS instruction were equivalent in impact on student achievement, but the ITS instruction 
resulted in student achievement growth at a faster rate. The reality of current school 
classrooms is that small group instruction of fewer than eight students and individualized 
tutoring are often not possible. In these situations, it is proven that ITS can have a 
positive impact on student achievement, especially in the case of instruction such a 
writing (Holdich and Chung, 2013) and guided oral reading (Mostow et al., 2013) when 
one-on-one instruction is necessary for the greatest impact on student achievement. 
Ultimately, I believe this is due to the fact that ITS are able to provide individualized 
feedback and extended practice that traditional classroom instruction is not, as was found 
by both Martin et al. (2013) and Sosa et al. (2011). In classrooms with excess of 20 
students, a single teacher cannot provide instruction to this level of personalization or 
practice that will receive attentive feedback in the way that ITS are able to provide.  
The on-screen tutor. Does an on-screen tutor, or animated pedagogical agent, 
increase student achievement? I believe, ultimately, that this depends on the style of 
instruction the student is receiving from the ITS. While studies have shown that the on-
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screen tutor is not beneficial and can even be distracting in linear learning environments 
such as students learning from presentation-style instruction (Frechette & Moreno, 2010), 
these linear learning environments are not typically environments that would encourage 
the use of the on-screen tutor. In learning environments that involve the learner receiving 
feedback or instruction from the ITS, the on-screen tutor can not only use gestures to 
enhance understanding (Cook et al., 2016) but can improve the learners experience of the 
ITS (Kim, 2016; McLaren, et al., 2010; Moreno & Flowerday, 2006).  
Although no studies resulted in significant findings about the impact of the on-
screen tutor’s gender or ethnicity on student achievement overall, both Kim (2016) and 
Moreno and Flowerday (2006) saw signs that these qualities have a larger impact on 
minority students. These findings hint that the on-screen tutor could have some 
empowering effects on minority students and could encourage their learning. 
I also believe that findings from Mayer et al. (2005) and McLaren et al. (2010) 
about learner sensitivity to on-screen tutor politeness hints that these tutors could be 
important in ITS systems that require learners to use and apply the tutor’s feedback. The 
choice of all students to have an on-screen tutor per Cook et al. (2016) shows that 
students may be more receptive to feedback from a human-like tutor than from a dialogue 
box.  
Ultimately, I believe that an on-screen tutor could have a positive impact on 
student achievement if used intentionally within an ITS system to enhance instruction or 
to provide students with human-like feedback. When used in this way, the tutor could 
also have positive social-emotional effects on the learner. 
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ITS personalization. Studies have shown for years that personalized learning has 
a bigger impact on student achievement than standardized learning, so much so that it has 
become common knowledge within the field of education. All three studies indicate that 
this remains true within ITS. Whether in regards to using ontology to correctly provide 
feedback to students (Icoz et al., 2015), personalizing questions based on student interest 
(Fanscali & Ritter, 2014; Walkington & Bernacki, 2019), implementing an ITS in a 
game-based format (Tanner & McNamara, 2013) or using student information to further 
personalize feedback (Crossley et al., 2016), all forms of personalization had a positive 
impact on student achievement, whether in final achievement scores or simply resulting 
in better student engagement. Although the latter seems less significant, engaging 
students in their learning is often the first step in obtaining higher student achievement. 
Recommendations 
Intelligent Tutoring Systems have been shown to have some positive effects on 
student achievement. Although the use of ITS would be more challenging in a classroom 
that does not have easily accessible computing devices, ITS should be used when 
possible to supplement classroom instruction  
Using ITS in schools. ITS should be used to supplement instruction in 
classrooms. ITS allows students to receive one-on-one instruction and feedback in a way 
that is impossible for teachers to achieve in a traditional classroom setting (Holdich & 
Chung, 2003; Kulik & Fletcher, 2016; Ma, et al., 2014; Mostow et al., 2013; 
Steenbergen-Hu & Cooper, 2014) . ITS tools such as the on-screen tutor should be taken 
into account when choosing the ITS to use as it may encourage students to be more 
receptive to the ITS feedback, especially when engaging in new learning (McLaren et al., 
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2010) and may improve their experience with the ITS (Cook, et al., 2016). The level of 
personalization available within the ITS should also be taken into consideration, as the 
higher the level of personalization, the more effective the ITS will be in increasing 
student achievement (Crossley, et al., 2016; Fanscali & Ritter, 2014; Icoz et al., 2015; 
Jackson & McNamara, 2013; Walkington & Bernacki, 2019.)  
Due to the nature of ITS requiring learners to comprehend and apply the ITS 
feedback, younger students should not use the ITS without some teacher monitoring and 
intervention as necessary. The use of an ITS with an on-screen tutor may be especially 
beneficial for these younger students as it allows the feedback to be more human-like. 
Additionally, studies have shown that ITS are more effective when students have 
a more prior knowledge (Sosa et al., 2011). When used as a supplement to instruction, 
ITS can be used with students who are making progress in the content, while teachers 
provide small group or individualized instruction to students who are having more 
difficulty mastering the content, as small group and individualized instruction have been 
proven to be the most effective form of instruction in increasing student achievement 
(Crossley, et al., 2016; Fanscali & Ritter, 2014; Icoz et al., 2015; Jackson & McNamara, 
2013; Walkington & Bernacki, 2019.)  
Although ITS will not likely be a magic solution to provide students with the one-
on-one instruction and feedback needed to make significant growth, the ITS provides 
instruction that is beneficial to supplement teacher-directed classroom instruction.  
Further Research 
In future studies, the comparison of ITS with teacher-led instruction should be 
further examined, especially as ITS becomes more nuanced and personalized. It would 
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also be beneficial to consider how an on-screen tutor that represented an adult version of 
the learner using the ITS could positively impact learners, especially those of minority 
students. It has been discussed within the educational world that minority students often 
do not feel empowered when their teachers do not look like them. It is possible that this 
same phenomenon would impact student learning within an ITS. Using an adult version 
of the learner could provide more information about this hypothesis.  
It may also be beneficial to study whether ITS tutors that represent the learner are 
helpful when they are assigned to the learner based on entered data instead of giving the 
student a choice. Some studies indicated that student choice in regards to the on-screen 
tutor caused the student to become somewhat distracted by the tutor (Moreno & 
Flowerday, 2006). Representational tutors may be more effective if the student is not 
involved in choosing the tutor they felt represented them. 
Finally, it would be beneficial to consider further impact of ontology to better 
personalize student learning. Ontology seems to be an effective method for accounting 
for learning pathways and connections in providing feedback to students and guiding 
students to increase their learning. Additionally, further studies on whether student 
engagement is important in regards to ITS personalization, or whether engagement can be 
overlooked in favor of gains in student achievement. While student engagement is 
evident when student interest is taken into account, a high-level of interest can also 
provide the opposite effect in that students become too focused on factors such as game-
based aspects and are distracted from the learning. 
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Ultimately, research on ITS is still in its beginning stages. Further research on 
how to make such systems most effective is forthcoming as artificial intelligence 
becomes more advanced.  
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